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Antisera against fertilizin have been shown to inhibit the cleavage of the zygote

(Tyler and Brookbank, 1956a, 1956b) and to increase the respiratory rate of un-

fertilized and fertilized eggs of some species of sea urchins (Brookbank. 1959).
It has been claimed that antisera against egg homogenates or purified fertilizin are

parthenogenic (Perlmann, 1957, 1959). These observations have been re-examined

and discussed by Brookbank (1959), Tyler (1959), Tyler ct al. (1961) and Tyler

(1963). No clear evidence of egg activation in the presence of such antisera was
found by these authors.

The present report deals with the effect on phosphate uptake of antisera against

fertilizin, a process known to increase markedly after fertilization and artificial

parthenogenesis (see Whiteley and Chambers, 1960; Litchfield and Whiteley, 1959,

for data and earlier references). Phosphate uptake by unfertilized eggs is essen-

tially zero. Further, the transport mechanism is presumed to differentiate at the

surface of the egg following activation ( \Yhiteley and Chambers, 1960). and there-

fore should be available for possible interaction with antibody.

MATERIALS AND METHODS

Eggs and sperm of Arbaria punctnlata and Lytcdiinus varicyatus were ob-

tained by electric shock (Harvey, 1956) or by KC1 injection (Palmer, 1937; Tyler,

1949), respectively. Fertilization membranes of Arbacia eggs were eliminated by

trypsin ( 1 mg.% for 10 minutes) treatment of unfertilized eggs. Passage of ferti-

lized (1-2 minutes) Lyt echinus eggs through an 18-gauge needle fixed to a 50-ml.

syringe removed the fertilization membranes from most (90%) of these eggs.

Fertilizability of the eggs in dilute sperm suspensions was tested after four washes
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in sea water, before the eggs were used. (
)nly those of 95-100% fertilizability

\\rre used.

Antisera were prepared in rabbits against purified fertilizin, as previously de-

scribed (Brookbank, 1959). All were sea-water-dialyzed, and all were effective in

cleavage inhibition. The antisera against Lytcchinus fertilizin (4 prime and 10

prime) were the samr as those used to determine the effects of such antisera on un-

fertilized egg respiration (Brookbank, 1959). The antisera against Arbacia ferti-

lizin (6 prime and S prime) have not yet been tested for respiratory effects. Addi-

tional antisera were prepared in rabbits against unfertilized eggs of Lytcchinus

(fertilizin included). Pre-injection sera of all rabbits except 4 and 10 were avail-

able for use as controls. Control sera for 4 prime and 10 prime antisera were

obtained by bleedings of uninjected animals (abbreviated Th., F., and MX.).

Phosphate uptake was measured using carrier-free P32
(Union Carbide Nuclear

Corporation) in sea water. The amount of serum available did not permit the use

of the perfusion chamber method of Whiteley and Chambers (1960). In the fol-

lowing experiments, unfertilized or fertilized eggs (0.25 ml. of a 25% or 50% sus-

pension) were placed, in duplicate, in 2-ml. screw-cap vials, together with P32 -sea

water (50 or 100mm.3
) and serum (0.25 ml.). Sea water controls without serum

were included. Fertilized eggs were placed in the vials 30 minutes after fertilization

TABLE I

The effect of normal and immune sera* on uptake of P32
by fertilized eggs

(Figures given are averages of duplicate samples; *, 50%ammonium sulfate

fraction; L.v., Lytechinus variagatus; A. p., Arbacia punctulata; I,

immune; N, normal; C, sea water control; cpm, counts per minute.)
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DISCUSSION

The failure of the antix-ra lo activate the transport mechanism, as do other

parthei agents i \Yhitele\ and Chambers, 1%0) , even though the respiratory
rate in the presence of antisera against fertili/.in is greatly increased, rules against
activation of the eggs b\ Mich sera. Most probably, the increased respiration rep-
resei ts an increased oxygen consumption without accompanying oxidative phos-

phorylation. as with dinitrophenol or other agents (Krahl. 1950). Such uncoupling

might be brought about by microscopically invisible cytolytic changes induced by
the anti>era I Brookbank, 1959).

The inhibition of phosphate uptake of fertilized eggs by antisera and other

MTimi proteins may be ascribed to steric hindrance of transport, with antibody
molecules establishing a more permanent bond with the egg surface than other

proteins, as evidenced by centrifugation experiments (Tyler and Brookbank,

1956b). The inhibition by normal sera and BSA does mimic to some extent the

inhibition of transport by p-chloromercuribenzoate (p-CMB) applied during the

lag phase (Whiteley and Chambers, 1960). In concentration of 1.4 X 10~* M,
p-CMB virtually abolishes phosphate transport without inhibiting or delaying cleav-

age, a situation paralleled by normal sera and BSA. The effect of p-CMB is

abolished by 10 3 M cysteine. The presence of at least some available cysteine

residues in native proteins would seem to rule against anything similar in the mode
of action of p-CMB and serum proteins. From the above information, it seems

reasonable to conclude that: ( 1 ) phosphate uptake can be severely curtailed, without

interfering with cleavage, by normal sera or BSA; (2) immune sera, diluted to the

point where uptake approximates that of eggs in normal sera, continue to inhibit

cleavage. Point t 1 ) indicates a lack of dependence of early development on rapid

uptake of phosphate. Point (2) would lead to the conclusion that cleavage inhibi-

tion by antisera against fertilizin does not result from decreased transport of

phosphate.
Correlation of per cent inhibition of transport with nitrogen (protein ) content

of dialy/ed sera or BSA is reasonably good only when BSA alone is considered,

or when dilutions of a given serum are compared with one another ( 1 able I, Ex-

periment 11). In view of the complexity of mammalian sera and the lack ol

knowledge of the type of union between eggs and various serum proteins, it is not

surprising that a more clear-cut relationship was not found. The possibility also

exists of effects on P ; -

transport by non-dialyzable, non-nitrogenous serum

compounds.
It is of interest that embryos in undiluted, sea-water-dialyzed, normal sera

rarely, if ever, gastrulate. Lower concentrations of normal >era (0.5-1
'

^ ) allow

ga.Mrulation but result in radially symmetrical larvae (llrookbank. unpublished
data) with small skeletal spicules. In view of the lowered phosphate transport in

the presence of serum proteins, one might postulate that lack of sufficient quantity

of tlii> ion ultimately mav produce developmental abnormalities of primarv mesen-

chvnie metabolism and function during and alter gastrulation.

SUMMAKY

1. Normal rabbit sera and antisera prepared in rabbits against sea urchin

fcrtili/.in were shown to have an inhibitory effect on uptake of phosphate by
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fertilized eggs. Immune sera cruised more pronounced decreases in phosphate

transport.
2. Bovine serum albumin solutions caused similar decreases in rate of phosphate

transport.
3. Inhibitory effects of proteins were presumed to be due to a combination of

protein with the egg stir face, rather than a binding of phosphate by proteins
in solution.

4. Antisera against fertili/.in were without effect on phosphate uptake by
unfertilized eggs.

5. The results are discussed in light of other works on egg activation and

phosphate uptake.
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